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Abstract 

The objective of this study was to evaluate cardiorespiratory fitness and pulmonary function and the relationship with metabolic 
variables and C-reactive protein (CRP) plasma levels in individuals with diabetes mellitus (DM). Nineteen men with diabetes 
and 19 age- and gender-matched control subjects were studied. All individuals were given incremental cardiopulmonary 
exercise and pulmonary function tests. In the exercise test, maximal workload (158.3±22.3 vs 135.1 ±25.2, P = 0.005), peak 
heart rate (HR peak : 1 49 ± 1 2 vs 139± 10, P = 0.009), peak oxygen uptake (V0 2peak : 24.2±3.2 vs 18.9±2.8, P<0.001), and 
anaerobic threshold (V0 2V t: 14.1 ±3.4 vs 12.2±2.2, P = 0.04) were significantly lower in individuals with diabetes than in 
control subjects. Pulmonary function test parameters, blood pressure, lipid profile (triglycerides, HDL, LDL, and total 
cholesterol), and CRP plasma levels were not different in control subjects and individuals with DM. No correlations were 
observed between hemoglobin A1C (HbA1c), CRP and pulmonary function test and cardiopulmonary exercise test 
performance. In conclusion, the results demonstrate that nonsmoking individuals with DM have decreased cardiorespiratory 
fitness that is not correlated with resting pulmonary function parameters, HbA1c, and CRP plasma levels. 
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Introduction 

Diabetes mellitus (DM) is associated with many well- 
known comorbidities and chronic accompanying complica- 
tions, including hypertension, dyslipidemia, microangiopa- 
thy, macroangiopathy, neuropathy, and subclinical 
pulmonary function impairment (1-3). Exercise is an 
important therapeutic strategy and has a positive impact 
on prevention of cardiovascular disease in patients with 
DM. In addition, reduction in lung volumes is reported in DM 
(2), and loss of exercise capacity is associated with DM and 
cardiovascular events (3,4). However, few studies have 
investigated impairment of cardiorespiratory fitness and 
lung function at the same time in individuals with DM (2). 

Lung involvement is prevalent in asymptomatic dia- 
betics, affecting 60% of adults (5). Autopsy findings in the 
lungs of diabetic individuals have demonstrated thickening 
of the alveolar epithelium and pulmonary capillary basal 
laminae and pulmonary microangiopathy (6) probably 
associated with glycosylation of collagen in the chest and 



lung due to chronic hyperglycemia (7). These factors could 
have a negative impact on exercise capacity. 

The reduced capacity to perform submaximal exercise 
in individuals with DM has been demonstrated by low 
peak oxygen uptake (V0 2peak ), qualitative difference in 
the rate of increase in oxygen uptake (V0 2 ) in association 
with slow V0 2 kinetics, and increased ventilatory power 
requirement of the lung with incremental exercise (8). 

Metabolic derangement and increased levels of acute 
and chronic systemic inflammatory mediators are impor- 
tant factors involved in the pathophysiology of diabetic 
chronic complications. Elevated glycemia and protein 
glycosylation may lead to vascular and endothelial 
dysfunction, consequent decreases of pulmonary function 
and ventilatory power, and low exercise capacity (9). C- 
reactive protein (CRP) is a marker of systemic inflamma- 
tion and has been associated with poor glycemic control 
and increased risk of cardiovascular disease (10). 
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However, the data regarding cardiopulmonary dysfunction 
and its underlying mechanisms in DM are still controversial. 

The objective of this study was to evaluate cardio- 
respiratory fitness and pulmonary function and their 
relationship with metabolic variables and CRP plasma 
levels in nonsmoking individuals with DM. We hypothe- 
sized that DM causes alterations in pulmonary function 
and cardiorespiratory fitness and that glycemic control and 
inflammation may be associated with those alterations. 

Material and Methods 

Subjects 

This case-controlled study was conducted in accor- 
dance with the standards required by Resolution 196/96 
on research involving human subjects and approved by 
the Ethics Committee of the Universidade Federal de 
Sao Carlos (UFSCar; #412/2010). Thirty-eight individuals 
participated in the study after providing written informed 
consent. 

All subjects were free of overt coronary disease based 
on clinical evaluation and dynamic exercise stress test 
and sedentary electrocardiograms. Their functional aero- 
bic classification was determined as very low, low, or 
reasonable (11,12). Control subjects had a mean body 
mass index (BMI) <29.9 kg/m 2 and individuals with DM 
were diagnosed according to the recommendations of the 
American Diabetes Association (1). BMI was not matched 
between DM and control subjects because obesity is a 
hallmark of clinical presentation and an important causal 
factor of diabetes in adults. Individuals with DM were 
medicated with metformin, gliclazide, and/or insulin for 
hyperglycemia, angiotensin-converting enzyme inhibitors 
for hypertension, and simvastatin for dyslipidemia. 
Exclusion criteria were smoking, anemia, alcoholism, 
use of anti-inflammatory or inhalable drugs, known 
respiratory and inflammatory diseases, congestive heart 
failure, and disability conditions precluding exercise or 
pulmonary function test. 

Experimental procedures 

Tests were performed in the morning. Subjects were 
requested to refrain from alcohol, caffeine, and exercise 
for 24 h before testing. On the experimental day, after 10- 
12 h of fasting, the subjects underwent anthropometrical 
evaluation, and blood samples were drawn for measure- 
ment of glycohemoglobin (HbA1c), plasma CRP concen- 
tration, and lipid profile using an ADVIA 1800 Chemistry 
System (Siemens, USA). 

Pulmonary function at rest. After a light breakfast, 
each subject underwent standardized pulmonary function 
tests (13) using a spirometry analyzer (CPX-D, Medical 
Graphics, USA). Slow vital capacity, inspiratory capacity, 
expiratory reserve volume, forced vital capacity (FVC), 
forced expiratory volume in 1 s (FEV-,), FEV^FVC, forced 
mid-expiratory flow phase, peak expiratory flow, maximal 



voluntary ventilation, and tidal volume were measured. 
Absolute values were adjusted for age, gender, and 
height, and were reported as absolute values and as a 
percentage of predicted values based on data published 
by Pereira et al. (14). 

Cardiopulmonary exercise test. An incremental 
exercise test was performed on a cycloergometer with 
electromagnetic braking (Quinton Corival 400, USA). 
Ventilatory and metabolic variables were continuously 
collected breath-by-breath and recorded with the 
metabolic unit (CPX/D). V0 2 , carbon dioxide production 
(VC0 2 ), minute ventilation (VE), and respiratory exchange 
ratio (RER) (VC0 2 /V0 2 ) were measured. Workload 
increases, ranging from 13-22 W/min, were determined 
for each subject as described by Wasserman et al. (15). 
V0 2peak values were the mean of the last 30 s of exercise. 
V0 2 at anaerobic threshold (VT) was determined using the 
ventilatory method (15) by three independent observers. 
During exercise, subjects maintained a speed of 60 rpm. 
Electrocardiograms and heart rate (HR) were continuously 
monitored and blood pressure was measured every 2 min. 
Testing was symptom-limited (12). It was interrupted when 
blood pressure reached the following limits: systolic blood 
pressure (SBP) higher than 200 mmHg or diastolic blood 
pressure (DBP) higher than 120 mmHg, or when the 
subject complained of chest pain, dyspnea, and/or 
exhaustion evaluated on the Borg scale (CR10). It was 
assumed that V0 2peak had been achieved when the period 
of increasing workload lasted only 8-12 min and the RER at 
exercise peak reached a value of 1.0 or more. 

Statistical analysis 

Results are reported as means ±SD or median and 
range for parametric and nonparametric tests, respec- 
tively. Anderson-Darling and Levene tests were used to 
test the normality and homoscedasticity of distributions, 
respectively. Group differences in variables were com- 
pared using the Student West or the Mann-Whitney test. 
Relationships between variables were determined using 
the Pearson correlation coefficient (r). P<0.05 was 
considered to be statistically significant. All analyses were 
performed using the Minitab software program version 
15.0 for Windows (Minitab Inc., USA). The power of the 
study variables was over 0.8. 

Results 

Nineteen men, 51 .2 ±5.9 years of age, with DM (17 
with type 2 and 2 with type 1), and 19 age- and gender- 
matched control subjects, 48.8 ±7.5 years of age, 
participated in the study. SBP and DBP, lipid profile 
(triglycerides, HDL, LDL, and total cholesterol), and CRP 
plasma levels were similar in control subjects and 
individuals with DM (Table 1). Two individuals in each 
group were on simvastatin therapy. BMI, resting HR, and 
HbA1c were significantly higher in individuals with DM 
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Table 1. Clinical and laboratory characteristics. 





Control (n = 1 Q1 

V-fUl ILIUI III — 1 Zj I 


DM In = 191 

I—/IVI III — 1 \J I 


Age (years) 


48.8 ± 7.5 


51.2 ± 5.9 


Weight (kg) 


76.6 ± 8.9 


85.5 ± 13.7 a 


BMI (kg/m 2 ) 


25.9 (20.7-28.8) 


29.5 (20.9-38.2) 3 


Duration of DM (years) 




11 ± 1.5 


Resting HR (bpm) 


71 ± 9 


78 ± 10 a 


Resting SBP (mmHg) 


130 (110-139) 


120 (100-160) 


Resting DBP (mmHg) 


80 (70-100) 


80 (70-110) 


HbA1c (%) 


5.8 (4.8-6.4%) 


8.8 (6-12.9%) b 


Total cholesterol (mg/dL) 


192 (130-378) 


181 (154-290) 


HDL cholesterol (mg/dL) 


48.0 ± 10.6 


45.6 ±11.6 


LDL cholesterol (mg/dL) 


121.6 ± 35.6 


113.8 ± 30.7 


Triglycerides (mg/dL) 


138 (57-526) 


140 (78.2-310) 


CRP (mg/L) 


0.5 (0.1-2.5) 


0.4 (0.1-2.7) 



Data are reported as means ± SD for parametric distribution of values or median and range for non-parametric distribution of values. 
DM: diabetes mellitus; BMI: body mass index; HR: heart rate; SBP: systolic blood pressure; DBP: diastolic blood pressure; HbA1c: 
glycohemoglobin; HDL and LDL: high- and low-density lipoprotein; CRP: C-reactive protein. Differences between groups were tested 
using the Student f-test (parametric distribution) or the Mann-Whitney test (non-parametric distribution). a P<0.05; b P<0.001. 



than in controls (Table 1). HbA1c concentration was 
chosen as the estimate of long-term glycemic control. 

Table 2 shows cardiopulmonary exercise test results. 
The ventilatory equivalents for oxygen (VE/V0 2 ) and 
carbon dioxide (VE/VC0 2 ) at VT were significantly higher 
in individuals with DM than in controls. V0 2 at VT, 
workload, HR, and V0 2 at the exercise peak were 
significantly lower in individuals with DM than in controls. 
The workload adjusted for weight was lower in individuals 
with DM at VT and at exercise peak than in controls. 
There were no other differences in cardiorespiratory 
variables at exercise peak between the groups. No 
correlations were observed between the cardiovascular 



(HR and blood pressure) and ventilatory (V0 2 , VC0 2 , VE, 
RER, VE/V0 2 , VE/VC0 2 ) parameters of the cardiopul- 
monary exercise test. The pulmonary function test 
parameters were similar in control subjects and indivi- 
duals with DM (Table 3). No correlations were observed 
between HbA1c or CRP and pulmonary function tests and 
cardiopulmonary exercise test parameters. 

Discussion 

The results showed that nonsmoking individuals with 
DM have decreased cardiorespiratory fitness that is not 
correlated with resting pulmonary function parameters, 



Table 2. Cardiopulmonary exercise test parameters. 



VT 



Peak 





Control 


DM 


Control 


DM 


Workload (W) 


82.5 ± 19.8 


72.2 ± 17.8 


158.3 ± 22.3 


135.1 ± 25.2 a 


HR (bpm) 


102 ± 14 


105 ± 10 


149 ± 12 


139 ± 10 a 


SBP (mmHg) 


155 ± 16.8 


162 ± 16.7 


183 ± 13.8 


186 ± 17.7 


DBP (mmHg) 


90 (80-100) 


90 (80-120) 


100 (80-110) 


100 (80-130) 


V0 2 (mL-kg- 1 -min- 1 ) 


14.1 ± 3.4 


12.2 ± 2.2 a 


24.2 ± 3.2 


18.9 ± 2.8 b 


VC0 2 (L/min) 


0.9 ± 0.2 


0.9 ± 0.2 


2 ± 0.3 


1.8 ± 0.3 


VE (L/min) 


25.9 ± 5.7 


26.8 ± 4.9 


57.6 ±11.8 


55.7 ± 12.6 


VE/V0 2 


24 (21-29) 


26 (23-31 ) a 


31.4 ± 5.1 


34.3 ± 5.6 


VE/VC0 2 


28 (22-34) 


29 (26-34) b 


28.9 ± 4.4 


29.8 ± 3.13 


Work/weight (W/kg) 


1.1 ± 0.3 


0.9 ± 0.2 a 


2.1 ± 0.3 


1.6 ± 0.2 b 



Data are reported as means ± SD for parametric distribution of values or median and range for non-parametric distribution of values 
VT: anaerobic threshold; DM: diabetes mellitus; HR: heart rate; SBP: systolic blood pressure; DBP: diastolic blood pressure; V0 2 
oxygen uptake; VC0 2 : carbon dioxide production; VE: minute ventilation; VE/V0 2 : ventilatory equivalent for oxygen; VE/VC0 2 
ventilatory equivalent for carbon dioxide. Differences between groups were tested using the Student f-test (parametric distribution) 



or the Mann-Whitney test (non-parametric distribution). a P<0.05; b P<0.001. 
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Table 3. Pulmonary function test parameters. 



Control DM 





A p. 
4.0 




u.o 


A A 
4.4 




u.y 


ovij { /o prea ) 


I uu.o 






yy .0 




^A 1 
14. I 


IU (L) 


o,4 




u.o 


o.u 




u. / 


{ /o preuj 


op; n 
yo.u 




! o.y 


1 no 1 

I UZ. I 




I o. f 


ERV (L) 


1.1 


± 


0.4 


2 


± 


0.4 


ERV (% pred) 


132.3 


± 


48.8 


110.3 


± 


54.2 


FVC (L) 


4.6 


± 


0.7 


4.6 


± 


0.8 


FVC (% pred) 


101.5 


± 


9.1 


104 


± 


13.1 


FEV-i (L) 


3.6 


± 


0.5 


3.7 


± 


0.6 


FEV-, (% pred) 


99.8 


± 


11.1 


104.6 


± 


13.0 


FEV-,/FVC 


80.4 


± 


5.1 


82.2 


± 


3.9 


FEF25.75./,, (L/min) 


3.6 


± 


1 


4.0 


± 


1 


FEF 25 -75% (% pred) 


101.1 


± 


28.9 


116.1 


± 


25.2 


PEF (L/min) 


8.8 


± 


2.2 


8.2 


± 


1.6 


PEF (% pred) 


95.2 


± 


21.8 


90.4 


± 


15.4 


MW (L) 


173.1 


± 


32.6 


160.8 


± 


30.7 


MW (% pred) 


113.6 


± 


18.7 


107.2 


± 


14.4 


TV (L/min) 


1.8 


± 


0.4 


1.7 


± 


0.4 


Data are reported as 


means ±SD. 


SVC: 


slow vital 


capacity; 



IC: inspiratory capacity; ERV: expiratory reserve volume; FVC: 
forced vital capacity; FEV-,: forced expiratory volume in 1 s; 
FEF 2 5-75%: forced mid-expiratory flow phase; PEF: peak expira- 
tory flow; MW: maximal voluntary ventilation; TV: tidal volume. 
There were no statistically significant differences between groups 
(P>0.05, Student f-test). 

HbA1c, or CRP plasma levels. No differences in 
pulmonary function variables were observed between 
the groups, although subjects with DM had a higher mean 
BMI than controls. As previously reported (16), there was 
a negative relationship between pulmonary function 
values and BMI only at a BMI over 45 kg/m 2 . 

Previous studies have also demonstrated reduced 
V0 2 values at VT and V0 2p eak in subjects with diabetes 
(2,17,18). The results of this study showed higher values 
of VE/V0 2 and VE/VCO2 at VT in subjects with diabetes 
than in control subjects. These findings suggest reduced 
ventilatory efficiency in these individuals (15). 

Hyperglycemia impairs vascular and endothelial func- 
tion (9) and has deleterious effects in the regulation of 
oxygen transport and utilization (17) leading to a leftward 
shift in the oxyhemoglobin dissociation curve, which could 
cause a reduction in VT and peak V0 2 (15). Autopsy 
findings in subjects with DM showed thickening of the 
alveolar epithelia and pulmonary capillary basal laminae 
and microangiopathy (2) that may affect gas exchange 
and contribute to reduction of ventilatory efficiency (19). 
Reduced ventilatory response in DM may be the result of 
reduced cardiac output that impairs pulmonary blood flow 
distribution and lung perfusion reducing uniformity of the 
regional ventilation-perfusion relationships (20). 

DM is associated with alterations in peripheral 0 2 



extraction and delivery (18) and abnormal peripheral 
vasodilatation at rest and during exercise (4). The 
reduced weight-adjusted workload in the present study 
might indicate a reduction of cardiac output and reduced 
rate of circulatory adjustment to an increase in workload in 
subjects with DM as previously suggested (4). 

During exercise, cardiovascular response is deter- 
mined by central and reflex neural mechanisms. At the 
beginning of exercise, decreased parasympathetic neural 
activity controls the rate of heart contractility. In addition, 
increased sympathetic neural activity controls the heart 
and the caliber, resistance, and capacitance of vessels 
in the systemic circulation (21). Autonomic neuropathy 
impairs hemodynamic regulation during exercise in DM 
(9,17). Low HR peak values previously observed in 
patients with diabetes (2,17) were probably due to 
subclinical autonomic dysfunction (9). On the other hand, 
neural reflexes and muscle metaboreflexes determine the 
level of autonomic activity in the circulatory system and 
are related to mechanical and metabolic activity of the 
contracting muscle (21), contributing to vascular regula- 
tion (22). In diseases where vascular function is impaired, 
coronary vasoconstriction triggered by muscle metabore- 
flexes contributes to reduction in exercise capacity (22). It 
has been demonstrated that young individuals with type 1 
DM have blunted blood pressure responses to metabore- 
flex activation due to reduced capacity to increase 
sympathetic tone (23). However, this mechanism has 
not been explored in type 2 DM. 

Low-grade inflammation is most likely not the pre- 
dominant causal factor of decreased fitness in DM 
because subjects in our sample had DM and CRP levels 
that were within the normal range. However, previous 
studies have reported elevated plasma CRP levels in 
subjects with DM (3,10). Smoking status and character- 
istics, such as duration of smoking, pack-years smoked, 
and duration of abstinence from smoking, are important 
factors, but not usually controlled in studies that evaluate 
the influence of inflammatory markers and cardiorespira- 
tory fitness and pulmonary function (24). These factors 
per se are closely associated with various markers of 
inflammation, including CRP, in men (25). In this study, 
current smoking status and a past history of smoking were 
exclusion criteria to minimize this confounder. However, 
we cannot exclude the influence of other possible 
confounders, such as the use of medications. It is 
impossible to estimate their effects, if any, particularly 
during exercise. In any case, it is known that medications 
commonly used by diabetic individuals, such as hypogly- 
cemic drugs, angiotensin-converting enzyme inhibitors, 
and simvastatin can potentially affect CRP levels (26-28). 
On the other hand, high CRP levels have been observed 
in diabetic patients treated with oral hypoglycemic drugs 
and/or insulin (29). In addition, diabetic individuals 
evaluated in previous studies that found correlations 
between CRP and fitness or pulmonary function were 
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receiving pharmacological treatments or were not 
excluded from the study protocol because of the 
treatment (3,30). In the present study, all medications 
were discontinued for at least 10 h before blood collec- 
tion, but because of ethical issues, it was not possible to 
discontinue the drugs for a longer time. 

There are conflicting data regarding the impact of 
glycemic control on exercise capacity and pulmonary 
function in subjects with DM. It has been demonstrated that 
increases in HbA1 c levels and poor glycemic control are 
associated with altered pulmonary function and exercise 
capacity (9,17). The results of the present study are in 
accordance with other studies that did not demonstrate 
any significant relationship between HbA1 c and exercise 
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